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INTRODUCTION
Gestational trophoblastic disease (GTD) constitutes a spectrum of tumors and tumor-like conditions characterized by abnormal proliferation of pregnancy-associated trophoblastic cells of progressive malignant potential. [1] The most adopted pathological classification of GTD is developed by the WHO in 2014 which includes neoplasms -choriocarcinoma (CC), placental site trophoblastic tumor (PSTT), and epithelioid trophoblastic tumor (ETT); nonneoplastic lesions -exaggerated placental site (EPS), placental site nodule (PSN), and plaque; and molar pregnancies -hydatidiform mole (HM) -complete HM (CHM), partial HM (PHM), invasive HM (IHM). [2] HMs occur in 1:600 pregnancies in the United Kingdom, with even higher rates in the Middle East, Latin America, Africa, and the Far East. [3, 4] The majority of molar pregnancies spontaneously regress following suction evacuation; however, 8%-30% of HMs persist after evacuation and develop into gestational trophoblastic neoplasia (GTN) which invade locally and metastasize requiring chemotherapy. [5] Perfect identification and separation of individual subgroups of GTD are important because the clinical presentation, biological behavior, therapeutic management, prognosis, duration, and interval between follow-ups differ for different categories. Furthermore, these disorders mimic growth patterns encountered in early normal placental development, nonmolar hydropic abortions, and many nontrophoblastic lesions. [6] Therefore, definite diagnosis is required not only to differentiate among the individual entities but also to avoid confusion among these trophoblastic lesions with their mimickers, which is difficult, when based only on histopathology.
Despite well-described histomorphologic criteria, the distinction of spontaneous abortion from HM and CHM from PHM and IHM, ETT from PSTT, and EST from CC and PSTT remains a problem because of interobserver and intraobserver variability. [7] [8] [9] Especially in early pregnancy, the diagnostic criteria are subtly different from the classical pathological features. [10] Trophoblastic proliferation is regulated by interaction between different cell cyclin proteins including cyclin E and its accumulation may play a role in malignant transformation of trophoblasts. [11, 12] Dysregulation of Cyclin E/cyclin-dependent kinase-2 (CDK-2) complex and its inhibitors participated in the development of gestational trophoblastic tumor. [13] The expression of G1/S cell cycle inhibitors correlates well with normal trophoblast differentiation and is markedly altered in the GTDs, including CHM/PHM/IHM and CC. [14] Zhang et al. investigated the expression of p63 isoforms in various trophoblastic diseases and correlated with clinical progress, proliferation, and apoptotic activities. [15] Evaluation of expressions of p63 in the cytotrophoblastic cells helps in reliable discrimination between spontaneous abortions and HM. Ki-67 immunoexpression can help in distinguishing different HMs and CC, but there is differing opinion regarding its expression in various trophoblasts and their distinction. [10] A study of HMs with p57 and molecular genotyping has been validated previously. [7] However, the role of different cell cycle regulatory proteins in all the different entities of GTDs, normal placenta, and hydropic abortus (HA) has not been tried. Therefore, the authors have conducted this study employing immunomarkers such as cyclin-E, Ki-67, and p63 which will act as an adjunct to histopathological study.
METHODS

Clinical sample
The present study was conducted in a tertiary care hospital and medical college from September 2013 to June 2017, in the department of pathology and O and G with the approval of an independent ethical committee institutional review board (IEC/IRB No. 177/7.9.15). There were 96 formalin-fixed paraffin-embedded tissue blocks used in this study: 48 were of GTD and 48 controls (without GTD -first-trimester [up to 12 weeks of gestation], second-trimester [up to 24 weeks], and third-trimester [till term] placenta and hydropic abortion). The controls were taken as consecutive samples received by the authors. By normal placenta, it means that all of them were obtained from induced abortion placental tissues of first-and second-trimester (the pregnant women having normal pregnancy who opted for termination) and last-trimester placenta delivered with normal babies. Villous maturation in placentas was as per gestational age without delayed or accelerated maturation.
Immunohistochemical staining
Paraffin blocks which were most representative of pathology were chosen for performing IHC. In this study, an indirect method of IHC was employed, which is a two-step process in which the tissue is treated with an unlabeled primary antibody, followed by application of a chromogen-labeled secondary antibody (directed against the primary antibody). We used normal placenta as positive and negative controls were prepared by omitting the primary antibody.
Interpretation of results and scoring systems
For all the three IHC markers used in this study, homogeneous nuclear staining is considered as positive regardless of staining intensity. Occasional cytoplasmic staining is considered nonspecific and not included in our evaluation. A quantitative scoring system is used for Cyclin E, Ki-67, and p63 basing on the number of trophoblasts having nuclear staining among 100 trophoblastic cells. Scores are recorded as follows: score 0 = no staining, score 1+ = 1%-10%, score 2+ = 11%-25%, score 3+ =26%-50%, and score 4+ = >50%. IHC stain in all cases was evaluated independently by two expert histopathologists, and in case of any discrepancy, the slides were subjected to concurrent review under Penta head microscope by both of them. The results were noted down in tabular form.
Statistical analysis
The Chi-square test or Fisher's test (whichever was applicable depending on the table pattern) was employed to find the correlation and association between desired variables. The result was considered statistically significant if P < 0.05. For statistical analysis, the software used was SPSS version 20.0 (IBM, Armonk, NY).
RESULTS
In the present study, there were total 96 cases, including 48 cases of GTD (Group A) and 48 controls (Group B -40 normal placentas of different trimesters: early -25, mid-trimester -7, and late -8 and 8 HA). Cases included CHM (20 cases), PHM (11 cases), IHM (2 cases), CC (9 cases), PSTT (2 cases), and EPS (4 cases). Most of the cases (54.1%) presented in the third decades of life. Least number of cases, i.e., only 8.33% were above 40 years. Mean age of presentation was 28.25 ± 6.982 years with youngest patient being 18 years old and oldest of 43 years. Majority (29 cases, 60.42%) were between para 1 and 4 and 12 cases (25%) were nullipara. Very high serum beta-human chorionic gonadotropin was detected only in cases of CC (8/9 cases, 88.9%). Complaint of bleeding per vaginum (85.4%) was most common followed by pain abdomen [ Table 1 ]. In normal placenta of all trimesters, Cyclin E differential expression was nearly similar, i.e., score 2+ [ Figure 1a ]. Ki-67 was high but p63 moderate with score 1+ [ Figure 1b and c]. In case of HA, only 50% showed weak expression of cyclin E, i.e., score of 1+, and other markers (p63 and Ki-67) were found to be zero [ Figure 1d -f]. CHM cases showed stronger IHC score for cyclin E (45% -3+ and 35% -4+) in comparison to PHM (81.82% -2+) [ Figure 3 ]. This was appreciably different when compared with PHM in which maximum number of cases had cyclin E score 2+ (81.82%). Ki-67 in these cases was high (2+), but p63 was found to be low at 1+. Hence, cyclin E and Ki-67 are more in CHM than PHM, normal placenta, and HA [ Figure 3a -i]. IHM showed Cyclin E 3+, p631+, and Ki-67 3+. Maximum number of cases of CC, PSTT, and EPS showed strong positivity for cyclin E with score 4+ [Figures 2 and 4 ]. However, whereas Ki-67 is very high (3+) in CC and PSTT, it is zero in EPS. Table 2 reveals that there was no significant difference in IHC expression for p63 among normal placenta of different trimesters, CHM, and PHM with a weak staining for p63, i.e., 1+. In early placenta, 60% showed 1+ staining, 20% had 2+, and 20% did not take the stain. Five out of nine CC (55.56%) cases showed p63 positivity scoring 2+. None of the cases had score 4+. Early stage of placenta expressed higher level of Ki-67 in comparison to mid-and late-trimester placenta [ Figure 1b ]. 60% of early trimester placenta had a score of 2+ and 40 had 1+ score. Four cases of mid-stage placenta were included in this study, all had a score of 1+, and among third-trimester placentas, 62.5% did not take the stain. About 25% showed weak staining of 1+ score and 12.5% had score 2+ [ Table 3 ]. Higher levels of Ki-67 immunoreactivity was noted in CHM, IH, and CC. Out of 20 cases of CHM, 6 (30%) cases had score 4+ and 7 (35%) had a score 3+. All cases of IHM had score of 3+. Seven out of nine CC cases (77.78%) had a score of 4+ and rest two cases had 3+ score. In case of PHM, Ki-67 activity is less, i.e. 81.82% of cases showed Ki-67 positivity in only 1%-10% of cells with a score of 1+ and rest of the cases (18.18%) had a score of 2+ which is quite less from what we observed for CHM. PSTT (75% -3+) had significantly greater Ki-67 positivity than EPS (50% -1+). Table 2 shows the comparative analysis of immunohistochemical scoring among cases and controls. IHC scoring difference was found to be statically significant for cyclin E and Ki-67 having P = 0.001 and 0.004, respectively when compared between GTD and control group. However, for p63, there is no significant difference between cases and controls with P = 0.369.
DISCUSSION
Role of Cyclin E has been proved in various human cancers. However, very few studies have documented its role in GTD. Normal progression of cell cycle is regulated by the coordinated interactions of various proteins such as E2F-1, CDKs, and Cyclin E. Cyclin E forms a complex with CDK-2 and controls the G1-S transition by phosphorylation (i.e., inactivation) of retinoblastoma protein, which is an inhibitor of cell cycle progression. Hence, cyclin E promotes cell cycle progression. [16] In this study, cyclin E was uniformly expressed at moderate levels (2+) in 80.76% of normal placentas [ Table 3 ]. Staining was limited to the basal cytotrophoblast nuclei surrounding the villi. The syncytiotrophoblast was mostly negative. Cyclin E overexpression was seen in GTD in comparison to control group (normal placenta and hydropic placenta) with P = 0.001, which is statistically significant. We did not find role of p63 as an ideal marker in differential diagnosis among different GTD. When we compared its staining between GTD and control groups, the P value was found to be 0.369 which is statistically insignificant.
In comparison to the control group, GTD cases expressed a higher Ki-67 activity with statistically significant P = 0.004. In addition, according to present results, none of the abortions and partial moles were diffusely labeled with Ki-67 (>50%) which is supported by Erfanian et al. [10] Histologically EPS and PSTT both show infiltration of implantation site intermediate trophoblasts into the myometrium. Both of them showed high Cyclin E score. However, there is a difference in Ki-67 staining among them. Hence, Ki-67 IHC staining is helpful in distinguishing these A  0  1  14  11  22  48  B  3  11  31  3  0  48  p63  A  7  24  14  3  0  48  B  8  18  17  4  1  48  Ki-67  A  2  14  7  12  13  48  B  14  17 17 0 0 48 IHC: Immunohistochemical two entities. We found very low Ki-67 expression in PSN cases, that is, 50% of cases showed 1+ and rest 50% were negative for marker.
Cyclin E
In this study, most of the patients of GTD (26 cases, 54.17%) were in between 21 and 30 years. This result was comparable to data obtained by Pariyar et al., who reported 51.2% of cases belonging to 21-30 years' age group. [17] Parity distribution among GTD patients revealed that majority (29 cases, 60.42%) were between para 1 and 4. Out of them, higher incidence was seen in para 2 [ Table 1 ]. Riadh et al. reported 52.2% of patients of GTD as paucipara. However, Pariyar et al. reported a higher incidence among primigravid. [17, 18] Bleeding per vaginum was the most common symptom found in 85.40% of cases, in this study. About 62.50% of patients presented with pain abdomen, and passage of grape-like vesicles was seen in 31.25%. These were also demonstrated by Nirmala et al. [19] Our result was supported by a study done by Olvera et al. who also got moderate immunoreactivity in early, mid, and late trimester of normal placenta. [11] Kim et al. researched exclusively on Cyclin E and compared hydropic placentas to GTD and reported overexpression of cyclin E in GTD. [12] Similar to our result, they also found comparatively higher cyclin E levels in CC than in CHM. However, Olvera et al. reported similar levels of cyclin E overexpression in both CHM and CC and got moderate immunoreactivity in early, mid, and late trimester of normal placenta. [11] As in the present study, they found that PHM did not exhibit the same level of cyclin E overexpression as found in CHM and CC. Kim et al. also noted decreased levels in PHM, yet they were not able to demonstrate statistical significance.
PSTT and EPS (100% of cases) showed strong positivity for Cyclin E with score 4+, but Ki-67 expression is very high in PSTT but low in EPS. [12] This study revealed p63 staining to be low to moderate in normal placenta [ Table 3 ]. Nonmolar hydropic placenta (66.67%) and most of the molar pregnancy also showed low staining for p63 (score 1+). Among CC, 55.56% of cases showed score 2+ and 22.22% showed score 3+. Ramalho et al. in their study did not find any p63-positive cells in CCs. [20] They concluded that p63 might be useful to differentiate CC from other GTD and might have a role in malignant transformation of GTDs. However, at present, we noted that 8 out of 9 (88.89%) cases of CC showed weak-to-moderate staining for p63. This observation was comparable with Zhang et al., who showed that CCs showed focal p63 positivity (0%-5.62%) and P > 0.05. [15] Erfanian et al. reported that all CCs were positive for p63. [10] According to them, p63 labeling index and distribution of immunostaining are useful in separating CC from HA and PHM mole but not from CHM. Furthermore, they concluded that p63 may be an ideal marker in separating abortion from moles in doubtful cases. However, p63 is an ideal marker to distinguish tumors of chorionic trophoblastic origin, i.e. ETT from PSTT. The difference in the present study from the above authors may be due to the difference in scoring system and the fact that, unlike this study, they not only focus on p63 labeling index, but they also studied distribution and intensity of immunostaining. During the study, it was observed that Ki-67 staining gradually reduces with maturation of placenta. Olvera et al. observed decrease in Ki-67-stained trophoblast proliferation as normal gestation progressed. This finding has been previously reported by many authors, although the study was limited to comparisons of first-and third-trimester placentas.
Higher expression of Ki-67 among CHM, IHM, and CC was also found by Olvera et al., who reported that the largest number of proliferating cells was seen in the abnormally developing trophoblast of CHM, including persistent moles, and CC. [11] Partial moles contained fewer positive cells. In addition, they concluded that Ki-67 labeling index was useful in separating CCs from nonhydropic abortion, PHM, and CHM. [21, 22] Comparable to our result, several reports have noted differences between molar and nonmolar tuberculosis, as well as differences between partial and complete moles, and have suggested the evaluation of Ki-67 as a useful adjunct to morphologic criteria for separating complete from partial moles. [23] [24] [25] Kale et al. and Erfanian et al. showed that the expression of Ki-67 was significantly higher in HMs (complete, partial, and invasive) than in the control group (abortion), which means that these findings were parallel to present results. [10, 23] 
CONCLUSION
The use of immunomarkers such as Cyclin E, p63, and Ki-67 can help in differentiation between normal and abnormal placenta, hydropic abortion, complete, partial, and invasive moles, and also GTN. In addition, it also gives information about persistence and malignant transformation in various GTDs.
Limitations of the study 1. The small period of study may account for the discrepancies with other studies which have been observed during the comparison of various parameters 2. Malignant cases (GTN) were relatively less in number and CC cases constitute a larger percentage of GTN cases 3. Follow-up of all the cases was not feasible in all cases and some of the cases are followed for very short period of time.
Strength
This innovative and original work includes entities from each category with multiple immunomarkers, where we noted the differential expression of these markers in various subgroups and mimicks of GTD.
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